Background: Little information is available on the comparative effectiveness of osteoporosis pharmacotherapies.
O
steoporosis is characterized by decreased bone mass and deterioration of bone tissue, resulting in reduced bone strength and increased fracture risk (1, 2) . Approved therapies for osteoporosis include bisphosphonates, calcitonin, raloxifene, and teriparatide. Findings from randomized, controlled, head-to-head trials show that women who received alendronate have greater gains in bone mineral density and greater reductions in bone turnover markers within 12 and 24 months of initiation than those who received risedronate (3, 4) or raloxifene (5) (6) (7) . Although bone mineral density is a strong predictor of fracture (8) , differences in these surrogate markers may not translate into appreciable differences in fracture risk (9 -11) . Results from observational studies suggest that risedronate may reduce the risk for nonvertebral fracture (clavicle, hip, humerus, leg, pelvis, and wrist) within 12 months more effectively than alendronate or nasal calcitonin (12, 13). To our knowledge, no studies have compared the relative effectiveness of raloxifene versus bisphosphonates or calcitonin in reducing fracture risk. Further comparative effectiveness studies may help to clarify the relative effectiveness of osteoporosis treatments (14) . We completed a population-based study of new recipients of oral bisphosphonates (alendronate or risedronate), nasal calcitonin, and raloxifene to compare the relative effectiveness of these agents in reducing nonvertebral fracture risk.
METHODS

Study Cohort
The study population comprised Medicare beneficiaries enrolled in 2 statewide pharmaceutical benefit plans: the New Jersey Pharmaceutical Assistance to the Aged and Disabled program and the Pennsylvania Pharmaceutical Assistance Contract for the Elderly. These programs provide drug coverage without restriction for low-income residents age 65 years or older with minimal copayment. Our cohort consisted of new recipients (no use of any of these agents in the previous year) of oral bisphosphonates (alendronate, 10 mg or 70 mg, or risedronate, 5 mg or 35 mg), nasal calcitonin, or raloxifene between 1 April 2000 and 30 June 2005 (Figure 1 ). To ensure complete plan coverage, study eligibility was limited to patients with 1 or more claims in both Medicare and their state pharmaceutical assistance plan in each of the three 6-month intervals preceding the index prescription. We excluded nursing home residents (for whom prescription data may not be complete), patients with a Medicare claim for Paget disease (International Classification of Diseases, Ninth Revision, Clinical Modification code 731.0), and patients with pharmacy claims indicating receipt of any bisphosphonate or teriparatide in the year before treatment initiation. Our data included all Medicare beneficiaries from the 2 plans that met eligibility criteria; we did not do formal sample size calculations. We restricted inclusion to the period when all drugs were available: that is 
Outcomes
Our primary outcome of interest was nonvertebral fracture within 12 months of treatment initiation. We defined nonvertebral fracture as a fracture of the hip, humerus, or radius or ulna by using previously validated criteria requiring diagnostic and procedural codes from Medicare claims (15) . When medical records are used as the reference standard, the estimated sensitivity of each outcome is at least 90% (15) . Secondary outcomes included nonvertebral fractures within 6 and 24 months of treatment initiation and hip fracture within 6, 12, and 24 months of treatment initiation.
Covariates
Patient demographic characteristics were determined at treatment initiation and other variables by medical and pharmacy claims within the year before treatment initiation. We considered covariates that were plausibly related to our fracture outcomes (16) : demographic characteristics (age, sex, race), osteoporosis-related factors (such as diagnosis of osteoporosis, fracture history), relevant comorbid conditions (such as comorbidity score [17, 18] ; diabetes mellitus; history of falls, syncope, and gait abnormalities; cancer; rheumatoid arthritis), drug use (such as antiepileptics, ␤-blockers, benzodiazepines, glucocorticoids, hormone therapy, selective serotonin reuptake inhibitors, thiazide diuretics, number of drugs), and previous hospitalization. We also included calendar time (month and year) of the index prescription to adjust for potential secular trends in prescribing. Appendix Table 1 (available at www.annals.org) lists all variables, definitions, and coding. If a record of a specific diagnosis, procedure, or prescription was lacking, patients were coded as not having these characteristics. As a result of this coding rule, there were no participants for whom exposure, confounder, or outcome information was missing. However, race was unknown in 41 patients. These 41 missing data points were recoded as "Caucasian."
Statistical Analysis
We calculated fracture rates among recipients of each drug within 6, 12, and 24 months of treatment initiation. We used Kaplan-Meier methods to plot cumulative fracture incidence and Cox proportional hazard models to compare fracture rates between agents. In our primary analysis, we considered a patient exposed to drug throughout follow-up by censoring only at date of death or end of follow-up (hereafter referred to as "intent-to-treat analysis," an analogue of intention-to-treat analysis). We tested proportional hazard assumptions by using interaction terms between exposures and time and found no violations for the primary analysis of 12-month follow-up. However, we observed a violation resulting in an attenuated effect for raloxifene over 24 months. This observation is expected when an intent-to-treat scenario is assumed because adherence to osteoporosis pharmacotherapy is suboptimal (19, 20) . Similar attenuation of effects was also observed when hip fracture was the outcome.
We developed propensity scores for each drug by using multinomial logistic regression (21) . Alendronate, the most commonly prescribed osteoporosis treatment, was selected as the reference category. To account for baseline differences between New Jersey and Pennsylvania, we derived state-specific propensity scores and stratified all adjusted Cox proportional hazard models by state. Propensity score quintiles for risedronate, calcitonin, and raloxifene were included as 12 dummy variables (4 for each drug) to adjust for confounding (21) (22) (23) (24) . We summarized the balance achieved within state-specific propensity score quintiles
Context
Few studies have evaluated the relative effectiveness of drug therapies for osteoporosis.
Contribution
This study compared nonvertebral fractures that occurred within 1 year of initiating osteoporosis pharmacotherapy among 43 135 enrollees in 2 statewide pharmaceutical benefit programs. Differences in fracture risk between adults prescribed risedronate or raloxifene and those prescribed alendronate were small. Fracture risk seemed to be higher with calcitonin than alendronate.
Caution
Wide confidence bounds around risk estimates did not rule out potentially important differences between some agents. No adherence data were available, and the ability to account for confounders was limited.
Implication
There probably is no single clearly superior drug therapy for osteoporosis.
-The Editors
into descriptive tables and examined the magnitude of difference for each covariate within each propensity score quintile. Preliminary examination suggested residual imbalance within some quintiles (Appendix Tables  2 and 3 , available at www.annals.org). For example, within the lowest propensity score quintile for receipt of raloxifene in New Jersey (Appendix Table 2 , available at www.annals.org), 76% of patients who received alendronate and 87% of patients who received raloxifene had a background prevalence of osteoporosis. Therefore, we included age groups, fracture history, race, and diagnosis of osteoporosis, in addition to propensity score quintiles, in our adjusted regression models. Analyses were performed with SAS software, version 9.1 (SAS Institute, Cary, North Carolina).
We used sensitivity analysis to examine the robustness of our findings. First, we examined outcomes assuming an "on-treatment" scenario. We censored patients on the first day of switching agents, losing drug plan eligibility, entering a nursing home, or discontinuing drug therapy (last date covered by drug plus 15 days, allowing for 30-day gaps between prescriptions), on the day of death, or at the end of follow-up (12 months, 31 December 2003 [New Jersey], or 31 December 2005 [Pennsylvania] ). Second, we extended the days that patients received therapy in our on-treatment scenario to the last date covered by drug plus 90 days. Third, we examined several different subgroups: history of any fracture (International Classification of Diseases, Ninth Revision, Clinical Modification codes 733.1x and 800.xx through 829.xx) within the year before treatment initiation, no fracture history, at least 2 consecutive prescriptions of their index drug, no known history of malignant neoplasm, osteoporosis diagnosis, no diagnosis of osteoporosis, and women with no previous hormone therapy. Fourth, given that the main risk factors for fracture measurable in our data set are previous fracture and age, we compared fracture rates stratified by fracture risk group (defined by fracture history and median age of our study cohort). Finally, we assessed the extent of unmeasured confounding required to explain our primary study findings of difference in fracture risk between drug exposures by using the rule-out method (25) . In applying the rule-out method (Microsoft Excel [Microsoft, Redmond, Washington] file, available at www.drugepi.org [25] ), we allowed the relationship between the possible unmeasured confounder and fracture risk (relative risk) to vary from 1 to 10 and the prevalence of this possible unmeasured confounder to vary from 10% to 50% (25 
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RESULTS
Study Cohort
We identified 48 865 new recipients of alendronate, nasal calcitonin, raloxifene, and risedronate from 1 April Table 1 shows cohort characteristics, stratified by agent received. The mean age of our cohort was 78.7 years (SD, 6.9; median, 79 years), and 96% were women. Overall, alendronate and risedronate recipients were similar in age, osteoporosis diagnosis, and comorbid condition; calcitonin recipients were older (mean age 80.7 years; SD, 7.1) and had a higher prevalence of vertebral fractures and comorbid conditions; and raloxifene recipients were younger (mean age 76.9 years; SD, 6.7) and had a lower prevalence of fractures and comorbid conditions. However, both calcitonin and raloxifene recipients had a lower prevalence of osteoporosis documented in Medicare claims in the year before treatment initiation than alendronate or risedronate recipients.
Comparative Fracture Risk
The cumulative fracture incidence for alendronate, risedronate, and raloxifene overlapped during 12 months of therapy (Figure 2) . However, the cumulative fracture incidence was higher among calcitonin recipients from treatment initiation.
In our primary adjusted analysis, we found no large difference in nonvertebral fracture risk within 12 months between risedronate (adjusted hazard ratio [ (Figure 4) . Finally, using the rule-out method, we determined that a very strong risk factor for nonvertebral fracture must be unmeasured and imbalanced across treatment groups to explain the observed association (HR, 1.40) between alendronate and calcitonin if the 2 agents did not differ in nonvertebral fracture risk. For example, with an overall prevalence of 50% in the population, an unmeasured confounder for nonvertebral fracture with a magnitude of 2.5 (relative risk, 2.5) would require more than a 6-fold difference in prevalence between drug exposure groups (odds ratio, 6.4) to attenuate our observed hazard ratio of 1.40 (for example, 10% of alendronate recipients versus Ͼ60% of calcitonin recipients). Nonetheless, with our observed lower CI bound of 1.20, a 2.5-fold (odds ratio, 2.5) difference in the prevalence of the risk factor would be required to eliminate statistical significance. 
DISCUSSION
We found little difference in nonvertebral fracture rates among new recipients of alendronate and risedronate, regardless of the duration of observation (6, 12, or 24 months since treatment initiation), assumptions underlying the analysis (on-treatment or intent-to-treat), or subgroup considered. Our results contrast with findings from other observational studies that document risedronate as more effective than alendronate in preventing nonvertebral fractures (12, 13). Our findings are also somewhat surprising because randomized, controlled trials (RCTs) show that alendronate improves bone mineral density and reduces bone turnover markers better than risedronate (3, 4) . Previous observational studies comparing bisphosphonates included preventive doses of alendronate that are less effective than treatment doses (26). We restricted our study to new recipients of pharmacotherapies approved for osteoporosis treatment. We also studied nonvertebral fracture sites most commonly associated with osteoporosis: hip, humerus, and radius or ulna (rather than also including clavicle, leg, and pelvis) (12, 13). These methodological differences in study design may partially explain the differences between our findings of equivalent fracture prevention between bisphosphonates, compared with previous observational studies suggesting that risedronate is more effective than alendronate in preventing nonvertebral fractures.
We did an English-language search of MEDLINE through December 2007 to identify relevant large head-tohead trials and large comparative observational studies with fracture outcomes. To our knowledge, FACT (Fosamax Actonel Comparison Trial) is the only head-to-head trial comparing alendronate and risedronate (3, 4) . However, FACT was underpowered to examine fracture outcomes and examined surrogate markers of efficacy. By randomly assigning 1053 postmenopausal women (mean age, 64.5 years) with low bone mineral density to receive weekly alendronate or risedronate, FACT controlled for both measured and unmeasured confounding. However, FACT also excluded important candidate groups for pharmacotherapy with bisphosphonates, such as men, and women with previous hormone or long-term glucocorticoid therapy. Randomized, controlled trials establish drug efficacy within defined patient populations that are often not representative of those who may benefit from pharmacotherapy or of how the agents are used in practice (for example, adherence to drug regimen, and calcium or vitamin D supplementation) (27). In contrast, health care claims data reflect routine practice for large and representative populations (28). Therefore, observational studies play an important role in examining drug effectiveness among those treated. However, observational studies are also susceptible to confounding. Although alendronate and risedronate recipients in our study were similar according to measured covariates, we cannot rule out possible differences due to unmeasured variables, such as bone mineral density, risk for falls, family history, or nonprescription preventive therapies. Nonetheless, our findings are robust, with consistent results across all sensitivity analyses considered.
We also found no large differences between the relative effectiveness of raloxifene versus alendronate in reducing nonvertebral fracture risk. However, confidence bounds were large, and we therefore cannot rule out potential clinically important differences between these agents. Previous RCTs have found greater improvements in surrogate end points (bone mineral density and bone turnover markers) with alendronate versus raloxifene (5- 7), and although alendronate has proven efficacy in reducing nonvertebral fracture risk versus placebo, no such evidence of benefit has been reported with raloxifene (14, 26, 29) . Raloxifene recipients in our study were younger and seemed to be healthier than alendronate recipients on the basis of measured variables. Although balance between measured variables improved within propensity score quintiles (Appendix Tables 2 and 3 , available at www.annals .org), we were limited to information contained in health care utilization databases. Our inability to adjust for baseline bone mineral density may be particularly problematic. The efficacy of bisphosphonates in reducing nonvertebral fracture risk is established among persons with a bone mineral density T-score less than Ϫ2.5. However, the National Osteoporosis Foundation recommends that treatment be considered at a T-score less than Ϫ2.0, and in the presence of other risk factors, at a T-score less than Ϫ1.5 (2). It is therefore possible that a high proportion of recipients have a bone mineral density higher than that for which bisphosphonates are documented to be effective. We found that in the subgroups most likely to have low bone mineral density at treatment initiation (fracture history and diagnosis of osteoporosis), risk for nonvertebral fracture was higher among raloxifene recipients than alendronate recipients. Therefore, our data are somewhat consistent with those from placebo-controlled trials completed among patients with low bone mass, which found that alendronate (but not raloxifene) prevents nonvertebral fractures (14, 26, 29) . Further comparative studies between bisphosphonates and raloxifene may help to strengthen and clarify our findings. We found more fractures among patients treated with calcitonin versus alendronate. This finding contrasts with that of a previous observational study suggesting no large difference between calcitonin and alendronate recipients (12). However, given that data from RCTs to support calcitonin in reducing nonvertebral fracture risk (14, 26, 30) are lacking, our finding is expected. On the basis of measured variables, calcitonin recipients in our study had higher background risk for fractures than alendronate recipients; the curves plotting cumulative fracture incidence diverged immediately after treatment initiation. Therefore, unmeasured confounding may be exaggerating the differences in observed fracture rates between calcitonin and alendronate.
We did a sensitivity analysis to assess the extent of residual confounding required to explain our finding that calcitonin recipients had a 40% higher risk for nonvertebral fracture than did alendronate recipients (25) . These analyses suggested that our findings are unlikely to be entirely due to unmeasured confounding. Bone mineral density is the most important risk factor for fracture that was not included in our analysis. The relative risk for hip fracture is estimated to be 2.5 at age 65 years among persons with osteoporosis (T-score Ͻ-2.5) compared with those with higher bone mineral density (31). On the basis of measured variables, alendronate recipients were younger and had fewer documented fractures in the previous year compared with calcitonin recipients. These observed differences also suggest that a higher proportion of calcitonin recipients may have osteoporosis as measured by dual-energy x-ray absorptiometry. However, a 6-fold difference in the prevalence of osteoporosis would be required to attenuate our 1.40 observed hazard ratio (for example, dualenergy x-ray absorptiometry-documented osteoporosis among 10% of alendronate recipients versus Ͼ60% of calcitonin recipients). It is therefore unlikely that our observed difference in fracture risk between calcitonin and alendronate is completely due to unmeasured confounding; rather, it is more likely that a true difference in the effectiveness of these agents in reducing fracture risk exists. However, the observed imbalance between calcitonin and alendronate would only need to be 2.5-fold higher to move the lower bound of the 95% CI toward the null (for example, 30% of alendronate recipients had osteoporosis documented by dual-energy x-ray absorptiometry vs. 75% of calcitonin recipients). Regardless, given that we focused on alendronate doses that were approved for treating osteoporosis, it is unlikely that the difference in osteoporosis prevalence between calcitonin and alendronate was 2.5-fold or more. Nonetheless, calcitonin may be prescribed for acute pain after fracture, and the risk for recurrent fracture is highest immediately after a fracture (32, 33). Although we adjusted for fracture history as defined by Medicare claims within the year before treatment initiation, we could not distinguish between prevalent and incident vertebral fractures. We also documented a higher background prevalence of vertebral fracture among calcitonin recipients. Therefore, if patients more often received calcitonin for acute pain associated with incident fractures, residual confounding by indication may exist. Given that we could not adjust for some major possible confounding factors, such as bone mineral density, nonprescription prevention therapies, vitamin D levels, incident versus prevalent vertebral fractures, and risk for falls, we advise using caution when interpreting our findings.
Future studies that are better able to adjust for potential unmeasured confounding may help to clarify the extent of difference in fracture prevention among osteoporosis therapies. An emerging methodological approach through propensity score calibration may be useful to adjust for unmeasured confounding, provided that a good validation data source is available (34 -37). For example, a data source among new recipients of these agents that includes important covariates not available in claims data-such as bone mineral density at treatment initiation, family history, nonprescription preventive therapies, frailty, risk for falls, and incident versus prevalent previous fractures-may be used to adjust for differences in baseline covariates between drug therapies.
In addition to those already mentioned, our study has 3 further limitations. First, the study database was limited to claims data to assess fracture outcomes and may have misclassified some fractures. However, we minimized the potential for misclassification (information bias) by studying fractures at the hip, humerus, and radius or ulna with validated fracture codes (diagnostic and procedural codes) that have an estimated sensitivity of at least 90% (15) . There is also no reason to believe that differential misclassification of fractures between treatment agents occurred.
Second, we used an intent-to-treat scenario to complete our primary analysis and thus assumed that patients were exposed to drugs throughout follow-up. Randomized, controlled trials ensure a minimum level of adherence in an effort to establish biological effects. However, adherence to osteoporosis pharmacotherapy is much lower in practice (19, 20) and is linked to fracture risk. The more at risk patients perceive themselves to be (38, 39) and the more effective they perceive treatment to be (40, 41), the more likely they will be willing to initiate and adhere to therapy. On-treatment analysis may thus be subject to information bias. If alendronate versus raloxifene recipients, for example, have lower bone mineral density, they may persist with therapy longer, but they are also at higher risk for fracture (patient persistence with therapy is differential and linked to fracture risk). On the other hand, the efficacy of alendronate persists long after discontinuing therapy (42). Therefore, in the real-world setting, in which patients may not completely adhere to therapy, patient persistence with therapy is differential on the basis of fracture risk, and persistence of drug effects may differ between therapies, the intent-to-treat analysis yields the most valid results. We also found similar results in on-treatment analyses.
Third, the study cohort was limited to low-income persons with complete drug coverage residing in 2 states. Thus, our results may not be generalizable to all recipients of these agents, particularly if adherence to treatment differs among those with different drug coverage. However, our cohort of frail persons age 65 years or older is typical of patients requiring pharmacotherapy to reduce fracture risk and provides real-world comparative effectiveness data among patients with complete drug coverage. Our large cohort of new recipients also permitted us to examine results in several subgroups, demonstrating that our results are robust.
The early termination of a trial that was designed to examine fracture outcomes between osteoporosis therapies (because a sufficient number of treatment-naive women could not be recruited [7] ) indicates that evidence from RCTs comparing medications is unlikely to become avail-able. In the absence of RCT evidence, observational data provide a complementary source of information that compares drug effectiveness when prescribed in clinical practice (27). Our large observational study of persons age 65 years or older who received drug treatment for osteoporosis identified no difference in the effectiveness of bisphosphonates (risedronate versus alendronate) in preventing nonvertebral fractures. We also documented no large differences in fracture risk among raloxifene compared with alendronate. However, confidence bounds were wide and thus do not rule out potentially important clinical differences. Although we found a 40% higher risk for nonvertebral fractures among nasal calcitonin recipients than alendronate recipients, future studies that can better adjust for potential residual confounding may clarify our results. Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5   ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  RAL  ALD  RAL  ALD  RAL  ALD  RAL  ALD Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5   ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  RAL  ALD  RAL  ALD  RAL  ALD  RAL  ALD Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5  Quintile 1  Quintile 2  Quintile 3  Quintile 4  Quintile 5   ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  RSD  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  CCT  ALD  RAL  ALD  RAL  ALD  RAL  ALD  RAL  ALD 
